Background. This study aimed to evaluate and compare the characteristics and outcomes of patients with end-stage renal disease (ESRD) with those of matched controls of patients with acute kidney injury (AKI) requiring renal replacement therapy. Methods. A case-control study was performed at the intensive care units (ICU) of three tertiary-care hospitals between December 2004 and September 2007. Patients were admitted with life-threatening complications and were matched for age and for severity of illness and organ dysfunctions. Conditional logistic regression was used to identify factors associated with hospital mortality. Results. A total of 54 patients with ESRD and 54 patients with AKI were eligible for the study and were well matched. In general, clinical characteristics were similar. Nonetheless, comorbidities were more frequent in patients with ESRD, and patients with AKI more frequently required mechanical ventilation. ICU (43% versus 20%, P = 0.023) and hospital (50% versus 24%, P = 0.010) mortality rates were higher in patients with AKI. In addition, patients with AKI experienced longer ICU and hospitals stays. The SAPS II score had a regular ability in discriminating survivors and non-survivors, and tended to underestimate mortality in patients with AKI and overestimate in patients with ESRD. When all patients were evaluated, older age [OR = 1.05 (95% CI, 1.01-1.09)], poor chronic health status )] and number of associated organ failures [OR = 4.44(1.97-10.00)] were the main independent predictors of mortality. After adjusting for those covariates, ESRD was still associated with a lower probability of death [OR = 0.17 (0.06-0.050)]. Conclusions. ESRD patients with life-threatening complications had significantly better outcome than AKI patients.
Introduction
The incidence and prevalence of patients with end-stage renal disease (ESRD) dependent on chronic dialysis are increasing [1] . In addition, as a result of improvements in the overall care, these patients are experiencing a longer survival [1] . However, during the clinical course, patients with ESRD frequently develop cardiovascular, nutritional, endocrine and metabolic disturbances and are at risk for severe complications, such as gastrointestinal bleeding and sepsis that may require intensive care [2] [3] [4] . In two recent large multicentre studies, patients with ESRD corresponded to 5.8% and 6.8% of all admissions to intensive care units (ICUs) [5, 6] . On the other hand, it is expected that 2% of them require ICU admission each year [4] . Therefore, as the number of patients with ESRD is expected to increase, the demand for ICU beds for them is also expected to grow.
Although many studies have evaluated critically ill patients with AKI, there is limited information on patients with ESRD requiring ICU admission. As a consequence, their outcomes are still perceived as poor a priori in the setting of an acute life-threatening complication. In a large ICU database study, patients with ESRD had higher mortality rates than unselected ones without ESRD [7] . Recently, Bell et al. have demonstrated the negative impact of ICU admission on the short-and long-term outcomes of patients with ESRD needing renal replacement therapy (RRT) [8] . Nonetheless, the prognosis of these patients appears to be paradoxically better than that observed for patients with acute kidney injury (AKI) [4, 9, 10] . The aim of the present 1926 E. Rocha et al. study was to prospectively compare the outcomes of ESRD patients with those of controls with AKI requiring RRT matched for age, severity of illness and organ dysfunctions.
Subjects and methods
This study was performed at 11 ICUs of three tertiary-care hospitals between December 2004 and September 2007. The ICUs included four medical-surgical ICUs, three coronary/cardiac surgery units, one neurological, one respiratory care, one medical and one surgical ICU. As the present study did not interfere with clinical decisions related to patients' care, the Institutional Review Board approved the study and waived the need of informed consent in all centres.
Study participants, data collection and definitions
During the study period, every patient with ESRD on chronic dialysis (either haemodialysis or peritoneal dialysis) admitted to the ICU with a life-threatening acute complication was studied. Patients admitted to the ICU for routine postoperative care (n = 10) and those with decompensation due to inadequate dialysis (e.g. hyperkalaemia or hypervolaemia due to missing of a dialytic procedure; (n = 11) were not considered. For patients with readmissions (n = 2), only the first admission to the ICU was considered. From a total of 77 admissions, 54 patients were considered eligible for the analyses. Patients with ESRD were compared with matched controls (1:1) admitted to the ICU with AKI and life-threatening acute complications that required RRT within the first 48 h of ICU stay.
Patients with ESRD and controls were retrieved from a prospective cohort of 614 ICU patients who received RRT during the ICU stay. The selection of cases and controls were made on an anonymous basis, and investigators were unaware of patients' outcomes. The following variables were routinely collected in all patients: age, gender, the Simplified Acute Physiology Score (SAPS) II [11] , the Sequential Organ Failure Assessment (SOFA) score [12] at the start of RRT, previous comorbidities, previous health status [13] , main diagnosis for ICU admission, pre-morbid renal function, need of mechanical ventilation (MV) or vasopressors for >24 h, the development of associated organ failures (SOFA score ≥ 2 points for each system) and contributing factors for AKI. The measurement of comorbidities was performed using the Charlson Comorbidity Index [14] . Sepsis was diagnosed using the criteria of the Consensus Conference of The American College of Chest Physicians and Society of Critical Care Medicine [15] .
AKI was classified according to the RIFLE criteria [16] at the time of initiation of RRT. Decisions to start, change the method and cease RRT were taken together by the nephrologist and the intensivist responsible for the patient on an individual basis. All patients requiring dialysis were evaluated and managed by the same team of nephrologists. Prescribed RRT modes were daily conventional dialysis, daily sustained low-efficiency dialysis (SLED) and continuous RRT taking into consideration the patient's haemodynamic status [17] . Continuous RRT was employed in patients receiving vasoactive drugs and in those with potential for haemodynamic instability.
The following characteristics were used for matching: SOFA score (excluding renal points, ± 1 point), SAPS II score (± 2 points) and age (± 5 years). Hospital mortality was the end-point of interest. End-of-life decisions (to withhold or withdraw life-support treatments) were taken in patients who did not recover from the acute illness despite full-code management.
Data presentation and statistical analysis
Standard descriptive statistics were used to describe the study population. Continuous variables are presented as mean ± standard deviation or median (25%-75% interquartile range) and were compared using the Student t-test or Wilcoxon rank-sum test, as appropriate. Conditional logistic regression was used to identify factors associated with hospital mortality. Linearity between continuous variables and the dependent variable was evaluated using locally weighted scatterplot smoothing (LOWESS) [18] . Variables yielding P-values < 0.2 by univariate analysis and variables considered clinically important were entered in a forward multivariate logistic regression analysis. Results of both uni-and multivariate analyses were summarized by estimating odds ratios (OR) and respective 95% confidence intervals (CI). Possible interactions and colinearity were tested. Discrimination was evaluated by calculating the area under receiver operating characteristic curve (AROC) [19] . The Hosmer-Lemeshow goodnessof-fit test was used to evaluate the model calibration [18] . Standardized mortality ratios (SMR) with respective 95% confidence intervals (CI) were calculated for the SAPS II score by dividing observed by predicted mortality rates. A two-tailed P < 0.05 was considered statistically significant.
Results

Characteristics of the study population
During the study period, from 614 patients who required RRT during the ICU admission, 77 (12%) had ESRD on chronic dialysis. Out of them, 54 (70%; haemodialysis = 49; peritoneal dialysis = 5) patients were eligible for the study. These patients were matched to 54 controls with AKI who required RRT in the ICU. The patients' main characteristics are depicted in Table 1 . Age, SAPS II and SOFA scores were all well matched between the groups. In general, clinical characteristics were similar. Nonetheless, the frequency of comorbid conditions was higher in patients with ESRD and, despite of similar SAPS II and SOFA scores, patients with AKI more frequently required mechanical ventilation.
According to the RIFLE classification, most of the patients with AKI were considered as failure (59%). The main non-exclusive contributing factors for AKI were sepsis (n = 28, 52%), ischaemia/shock (n = 24, 44%), contrast/nephrotoxins (n = 23, 43%), urinary tract obstruction (n = 4, 7%), rhabdomyolysis/haemolysis (n = 3, 6%) and other causes (n = 5, 9%). Daily conventional dialysis was more commonly used in patients with ESRD, and continuous RRT was more often employed in patients with AKI. The frequency of SLED use was similar between the groups. The patients' main renal-related and laboratory data are presented in Table 2 .
Sepsis was the main reason for ICU admission in both groups, 52% in patients with AKI and 46% in patients with ESRD (Table 3 ). There were no differences regarding the sources of infection. Gastrointestinal bleeding was a major reason for ICU admission in patients with ESRD. Six patients with AKI were admitted to the ICU due to severe hyperkalaemia and metabolic acidosis.
Outcome analysis
The main outcome data are depicted in Table 1 . ICU (43% versus 20%, P = 0.023) and hospital (50% versus 24%, P = 0.010) mortality rates were higher in patients with AKI than in patients with ESRD. Patients with AKI experienced longer ICU and hospitals stays. The frequencies of end-of-life decisions were similar between the groups. In general, non-survivors were older and, as expected, had higher number of associated failing organs Older age, poor chronic health status, the need of mechanical ventilation, sepsis and the number of associated organ failures were associated with mortality in univariate analysis when all patients were evaluated (Table 4) . Adjusting for other covariates, patients with ESRD were associated with a lower probability of hospital death [OR = 0.17 (0.06-0.050), P = 0.001]. The other independent outcome predictors were older age, a poor chronic health status and a higher number of associated organ failures (Table 4 ). Sepsis at ICU admission was kept in the final model, as it exerted a major effect on the coefficients of other covariates.
In Table 5 , the results of univariate analysis of the characteristics associated with mortality for both groups of patients are shown. In general, the outcome predictors were similar in patients with AKI and ESRD, being the most relevant in both groups: older age, the severity of organ failures and the SAPS II and SOFA scores. Because of the relatively small sample size, it was not possible to perform multivariate analyses for the subgroups.
Discussion
In the present study, the characteristics and outcomes of patients with ESRD requiring ICU admission for severe acute complications were compared to those of matched CI = confidence interval; ICU = intensive care unit; SOFA = Sequential Organ Failure Assessment; RRT = renal replacement therapy.
Hosmer-Lemeshow goodness-of-fit (χ 2 = 5.817; P = 0.668). 3 ) 277 ± 154 224 ± 94 225 ± 100 187 ± 78 a P < 0.05; b P < 0.01; c P < 0.001, for comparisons between survivors and non-survivors with AKI. d P < 0.05; e P < 0.01, for comparisons between survivors and non-survivors with ESRD. AKI = acute kidney injury; ESRD = end-stage renal disease; CI = confidence interval; ICU = intensive care unit; SOFA = Sequential Organ Failure Assessment; RRT = renal replacement therapy.
controls with AKI treated with RRT. Patients with ESRD corresponded to 12% of all patients treated with RRT in the participating ICUs. In a study conducted in all Australian ICUs, patients with ESRD represented 11% of 337 patients who required RRT over a consecutive 3-month period [4] . The decision to choose age, SAPS II and SOFA scores for the matching was taken as they are well-known relevant predictors of mortality in critically ill patients with AKI and ESRD [4, 10, 17, [20] [21] [22] . In a previous study of Uchino et al., patients with ESRD were compared to controls matched for the SAPS II score [4] . As prognostic scores are not reliable surrogate markers for patients' severity of disease, we decided to match simultaneously using both a severityof-illness score (SAPS II score) and an organ dysfunction score (SOFA score). We decided not to include patients admitted for post-operative monitoring following scheduled surgeries and those with decompensation for inadequate dialysis (e.g. missing of a session) as the benefit of ICU admission for them is unquestionable.
The mortality rates in patients with AKI were twice higher than in patients with ESRD [i.e. ICU (43% versus 20%) and hospital (50% versus 24%), respectively]. The mortality rates reported in the present study in both AKI and ESRD patients are similar to those reported in the literature [4, 7, 8, 10, 17, [20] [21] [22] [23] [24] . Hospital mortality rates in patients with ESRD requiring ICU admission ranges from 14 to 38%, depending on case-mix of studied population [4, 7, 8, 23, 24] .
Despite a well match in SAPS II and SOFA scores, patients with AKI required more frequently mechanical ventilation and vasopressors, suggesting a higher severity of disease. This assumption may be further corroborated by the decision to offer more frequently continuous RRT to patients with AKI and conventional dialysis to patients with ESRD. As hypothesized by Uchino et al., patients with ESRD may be less acutely ill than similar patients with AKI despite a good matching for a severity of illness score [4] . Our results provide additional evidence that prognostic scores (either severity-of-illness or organ dysfunction) have an intrinsic limitation to appropriately characterize the severity of disease in these patients. Moreover, they can even suggest that either ESRD preconditions resistance to further acute life-threatening insult or AKI imputes more severity than single organ failure would imply, or even both mechanisms may be involved [25] .
Adjusting for other relevant covariates, patients with ESRD were independently associated with a lower mortality. It is well accepted that older age, the number of associated organ dysfunctions and a poor chronic health status are important determinants of prognosis in patients with renal dysfunction in ICU setting [17, [20] [21] [22] 26] . When patients with ESRD and AKI were evaluated in separate, the outcome predictors in univariate analyses were generally similar between the groups and included older age, higher SAPS II and SOFA scores, poor chronic health status and need of mechanical ventilation or vasopressors. Nevertheless, the relatively small sample size precluded the performance of multivariate analyses for the subgroups.
Prognostic scores do not perform well in AKI patients and usually underestimate mortality [17, 27, 28] , which is in accordance with our results. However, the performance of such scores in patients with ESRD remains controversial [4, 7, 10, 24] . In the present study, the SAPS II score tended to overestimate mortality in patients with ESRD. Although mortality was accurately predicted by the SAPS II scores in two previous studies [4, 24] , the overestimation of mortality has also been demonstrated using the APACHE III score [7, 10] . Nonetheless, the interpretation of these conflicting results should be made with caution as the number of patients in all studies was relatively low to evaluate appropriately the performance of prognostic scores [29] .
The present study has potential limitations that should be considered in the interpretation of its results. Although the indication of RRT modalities vary among institutions, it is reasonable to presume that the criteria employed in this study are similar to those accepted in many ICUs. Biases related to unequal distribution of some characteristics among groups (AKI patients underwent more frequently mechanical ventilation and CRRT whereas ESRD patients more daily intermittent haemodialysis) cannot be ruled out. The relatively small sample size might have limited some statistical analysis. However, small sample sizes are a common characteristic of the vast majority of studies in ICU patients with ESRD [4, 7, 10, 23, 24] . Moreover, the study was restricted to a specific geographic area and we did not assess the reasons for ESRD. Finally, long-term outcomes and health-related quality of life were not assessed. The impact of life-threatening illness in the long-term mortality of ESRD population that needs RRT in the ICU has been recently addressed by Bell et al. suggesting that a longer follow-up is recommended to catch a stable survival rate in AKI and ESRD patients in need of RRT [8] .
In summary, the mortality of dialysis-dependent ESRD patients is significantly lower than that of AKI patients in need of RRT in the ICU setting. The underlying causality to this intriguing results remains to be answered.
